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Application of Microfluoromety to Cardiovascular Surgery 
II. Comparison between Cold Blood Cardioplegia and 
Crysta11oid Cardioplegia by Means of Myocardial Metabolism, 
Lipid Peroxydation and Mitochondrial Coenzyme Qio 
YuKJO CHIBA 
The 2nd Department of Surgery, Faculty of '¥ledicine, Kyoto University 
(Director: Prof. Dr. VoRINORI HIKASA) 
In this report intermittent cold blood cardioplegia is compared to crystalloid cardioplegia by 
means of the >.:A DH fluorescence, myocardial P02, myocardial energy charge, tiobarbiturate 
reactive substance (TBA RS) and coenzyme Qio (CoQ10) in the mitochondria of myocardial cel. 
Incanine placed on cardiopulmonary bypass. the aorta was clamped and a potassium cardio・
plegic solution was injected into the aortic root to introduce immediate cardiac arrest. The 
myocardial temperature was maintained at l5°C by topical cooling. 
I. GIK group: GIK solution (5% glucose 500 ml十K+10 mEq+regular insulin 10 U十mey-
Ion 10 ml) was infused into the aortic root (10 ml/Kg) from 100 cm height at 30 minutes inter、叫s.
I. CBC group: cold blood cardioplegia (CBC) (K+=25 mEq/l) was infused into the aortic 
root (10 ml/Kg) from 100 cm height at 30 minutes intervals. 
The '.¥'AD H fluorescence was monitored from the surface of RV and the myocardial P02 
wa' monitored in L V wall by polarographic measurement. At the end of infusion of the cardio・
Ke、word～ Intermittentcold blood cardioplcgia, Intermittent crystalloid cardioplegia, Lipid peroxydation. 
Coenzyme Q10, Free radical 
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plegic solutions, transmular biopsies were done and the specimens were used for a河町 ofthe 
high-energy phosphate compounds. Then myocardial mitochondria was separated, and TBA RS 
and CoQ10 were assayed. 
As soon as the aorta was clamped, the N ADH fluorescence increased and reached a plateau 
in a few minutes, the myocardial P02 decreased and reached a plateau in several minutes con-
versely. In the GIK group, no change of the fluorescence and the myocardial P02 was resulted 
at anytime of GIK infusion. 
In the CBC group, at everytime of CBC infusion the fluorescence decreased promptly to 
the baseline and the myocardial P02 increased. Energy charge was constantly higher in the 
CRC group than in the GIK group though within a narrow range. 
When the ischemic time prolonged, TBARS increased and CoQ10 decreased. There was 
no di仔erencebetween the GIK and the CBC group regarding the TBARS and CoQ10 content in 
mitochondria. 
This experimental study proves that the intermittent cold blood cardioplegia has apparently 
several advantages compared with the intermittent crystalloid cardioplegia. The heart is provid-
ed with the intermittent reoxygenation and ~ADH is oxygenated to ~AD instantly. The myo-
cardial ATP is preserved well and CP is replenished adequately. The intermittent cold blood 


























シウムグリコネ－ ~. 20）ち7 ニトーノレ被を加えたもの
を使用した，体外循環が安定したととろで．上行大動
脈を遮断し，大動脈基部lζ穿刺したテフ円ン針より，




GIK群 GIK は 5~ぢブドウ糖 500ml にアスパラ K
10 ml (K+=20 mEq/l）レギュラーインシュリン10単












































液体窒素で瞬間凍結した． これを粉砕して，その 1g 
に咽 PCA液 3ml (6% Perchloric acid+ 0. 5×io-3モ
ノレ EDTA）を加え， 10,OOOrpmで15分間遠沈し，そ
の上清液を69%K,co, 1ζて pH6. 0 IC調整し， さ
らに 10,000 rpmで5分間遠沈した．この上清液をサ
ンプJレとして， Lamprechtらの方法で山， adenosinetri-
phosphate (ATP）を， Jaworekらの方法山で， adeno-
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分後.0.87土0.04, 150分後0.85 ± 0.04, 180分後0.83
士0.04であった． 一方 GIK群では， 大動脈主主断前
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plegia液を瀧流すれば良い crystalloid cardioplegia 
液に．酸素を直接 bubblingすると，酸素分圧は




ため，ヘモグロビン lgに 1.36 mlの酸素が結合す
る． 希釈体外循環において． ヘモグロビンが 10g/dl 
と仮定しでも， 13.6mlの酸素が血液 lOOmlに含ま
れるζとになる. Engelman•》らによれば， crystalloid
cardioplegia 液と， oxygenated crystalloid 液と，
blood cardioplegia液で，冠動脈，冠静脈酸素濃度較
差から，心筋の酸素摂取量を比較したところ， crystal-
loid cardioplegia液では， 0.5 ±0. 1 vol%, oxygenated 
































flow は， 0.25 ml/100 g/minである．ととろが，大動
脈遮断による心停止においては冠血流はもちろんOと
なるが， non-coronary flow は， 3.3土5.6 ml/100 g/ 
minで増加し， 特lこ左室肥大がある場合は， 12～16
ml/100 g/min にまで増加する． 以上は血圧が約 100
mm Hgの場合で．血圧を50mmHgに下げると， non-
coronary flowは 3.3土5.6ml泊Bら 0.07土0.03 ml/ 
100 g/minと非常に減少し，逆K，ヘマトクリットを





































ンドリア蛋白 1mgあたりの TBARS,CoQ10 ！ζ換算
し．比較検討した．
GIK群では， 大動脈遮断前， 13.75 ± 0. 15 μg/mg・
結 果
TBARS 
GIK群では，大動脈遮断M.o.27土0.03 n moles/ 
mg・proteinであったのが，大動脈遮断後，増加する
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CBC群では，大動脈遮断前， 0.27土0.03 n moles/ 
mg・ proteinであったのが，大動脈遮断後，虚血時間
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図 6
表 1
180分一一一 ｜遮断前 ｜ 60分 ! ：：~7t c 
竺~~竺竺~ I o.39±0.151 o.6ヤ？：い7±0.36
CBC I 0. 27±0. 031 0.49土0引0.66士o.is I o.65土0.:J 
TBA RS 
n moles/mg prot 
臼 Q10 I GIK ] 13. 75±0・同12.8±2.3 ] 11.9±1.2 .1竺竺三J
























長l乙伴い減少し， 180分後 7.5土1.2 µg/mg• proteinと
なり， pく0.01で．有意に減少した 〈表 1)（図6)
























































































































y= 14. 13-8. 95x （相関係数－0.52) （図的 CBC群















cold blood cardioplegia t士は．心筋への酸素を供給
するという点で， crystalloidcardioplegia法よりすぐ
れている．
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